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ABSTR!\CT --
Tiis is an interim report on an overall study of single and 

multi-haffled brakes. The inte;;t of this study is to isolate and 
examinf each muzzle brake parameter to determine its effect on 
efficiency and overpressure for the purpose of developing ar. op­
~imum b~ake geometry which will maintain efficiency and reduce 
overpree1sures on the crew area. The pa=-ameters with which this 
test dealt were the brake's deflector diameter and its location 
wi~h res~ect to the muzzle, 

The most irnportan't: finding of this study is that there exists 
a downstr.~am loci of points between 1. 5 and 2, 5 calibers at which 
a baffle c.an be placed and maintain a relatively constant efficiency 
and that at 2.5 calibers, a baffle will produce almost 16 percent 
less overpressure than it does at 1,5 calibers, 

This 09timum geometry in which a reduction in overpressure is 
obtained without loss of efficiency can be applied to all conventional 
brakes. 
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FOREWORD 

Authorization for this muzzle brake study was granted by 
D.A. Project No. 1-W-5-23801-A-290. 

The value of this study lies in the fact that eacb brake 
parameter will be s~udied separately to determine its ~ffect on 
efficiency and overpressure 1 whereas most previous attempts at 
reducing overpressure have only deal" with mass rate of flow and 
the brake's angle of deflection. 
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OBJECT 

The object of this test, vhich is only a portion of an overall 
muzzle brake study, was. to determine what effects a brake diameter and 
location have on its efficiency and back blast, The objective of the 
entire study is to develop an optimum brake configuration which would 
have a high efficiency and yet not produce excessively high overpressure 
in the crew area, 

INTRODUCTIOll 

Many previous investigations, both theoretical and experimental 
have been made in the area of muzzle brake efficiency, Few theoretical 
studies, however, have been directed towards the problem of reducing 
the back blast which high efficiency brakes produce, 

From the standpoint of efficiency. the optimum brake d~sign is 
bas~cally a plate positioned in front of the gun m~zzle having enough 
area to deflect rearward all of the escaping-muzzle gases, Since. this 
situation isn't possible in practice because of gas escape through the 
brake's projectile port 1 one must move the deflector plate downstream 
from the muzzle until a negligible amount of gas escapes in this manner, 
l:lowever, as the plate is moved further from the muzzle 1 its diameter 
must be increased to prevent gas from escaping around its extl•emities, 
Unfortunately, a plate that could fulfill t:h~s~ requirements would be 
much too large ~or practical application and a compromise between weight 
and efficiency must be made, rt ~rould follow. therefore 0 from the pre­
vious disc~ssion. that for any predetermined distance between muzzle and 
~affle an optimum baffle diameter exists;·and for every baffle diameter 
there is an optL~um ~istance, 

Little .!.s known about how a brake's. diameter and ler..gth affect 
overpressure, In the past. overpressurs has usually been associated 
with a brake~s basic efficiency or its deflection angles; the correlation 
being that the higher a br~~e 1 s ef~i~iency or the great~r its angle of 
deflection~ the higher the overp~e~sure, It was the aim of this s~~dy, 
therefore, to determine if an optimm~ configuration·of brake dia~eter and 
lc.cation does exist for overpressure as it does for efficie~cy and if so, 
determine if these two configurations could be ccmpr6mised, 
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The measure of efficiency used for these tests was momentum 
inde~ (b) which is defined by the following equations: 

(m0111entun imparted during gas) 
(ejection pe~iod with a brake) 

Momentum index (t) = l -

= 

where MRl 

MR2 

Mp 

Me 

V'Rl 

VR2 

vo 

EQUIPMENT 

b l -

(momenrurn :imparted during gas) 
(eje~t.ion ;::e~~iod without a brake) 

- (M + M 12 ) V 
p c 0 (Eq. l) 

(M V ) 
R2 R2 

- (M + M ) V 
p c/2 o 

total momentum imparted to recoiling parts wi~h a brake, 

t~"al momentum impa~ted to recoilinz parts without a brake. 

= 

= 

= 

= 

= 

Momentum imparted to recoiling parts up to gas 
ejection period. 

mass of recoiling parts with a brake. 

mass of recciling parts without a brake, 

mass of projectile 

mass o±" charge 

maximum recoil velocity with a brake. 

:na.'(imum recoil \"elocity without a brake, 

= mu~zle velocity of projectile. 

The muzzle brake test fixture used in this study had three (3) 
removable deflectors or discs. These discs had outsi.de diameters of 
15.0 1 20,0 1 and ?5,0 inches end inside di~meters o~ u,25 inches, These 
were at~ached by four (4) rods ~o a muzzle call~ and could be posi­
tioned C:\t various disti!.nces from the mu~z~te v:i:th spacers, (See Figure 1). 
The test shots were fired fron a lOSmm how~tzer which rolled on the free 
recoil mount shown in Figure 2, Two co!::.rentional brakes were also tested 
for comparison purposes, the SK Cmed5:..llll efficif!ncy) brake and the M2h2E2 
(lo;, efficiency) brake, (See Figures 3 G. ts). Overpressur2 was measured 
with piezo-electric pP.ncil gages which were a.~anged in positions shown in 
Figure 5, A list of the instrumenta~ion equipment used and procedures 
fc~l~wed is presented in the Appendi~. 
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Figti!'e 2 
lOS= Howitzer 1-iith Multi-Ba:'fled 3rake 

Installed on Free Recoil Mount at RIA T&E Ran~e 

Fi~tire 3 
5-K Mediur.~ E::'ficiency lluz.z.le Brake 

(I-ITV-Fl07 85) 
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Figure 4 

11:2A2E2-Low :=:ffid.ency lluzzle-Brake 
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PROCEDURE 

This inves~iga~ion was divided into four phases: 

1. Fi~ing withou~ a brake, with the 5-K brake, and 
with the M2A2E2 brake. 

2. Firing test b::-ake with one disc only. 

3, Firing test: brake with disc c~binations of two, 

~. Firing test: brake ~ith disc combinations of ~hree, 

Phase 1: Th~ tasting began 'by firing six rounds from the 
105mm howit:Zer ~sing no braka a~~achment. The charge used throughou~ 
all of th~ f~~ngs was a·st:andard zone 7 charge with T36 propellant, 
Four rounds were then fired ~ith both the 5-K and the M2A2E2 brake. 
ror every round fired in the test 1 the muzzle velocity, recoil velo­
city, and overpressure (fl P) in the crew area was meas,..:red. Also, 
during this first phas~, the static friction load of the free recoil 
mo~•t: was determined. 

Phase 2: nuring this single baffle pOI'tion of the exp.noiment ~ 
each M-ake was ·cested at positions 3. 0, 6. 0, 9. 0, 12. 0 1 and 15. 0 inches 
downs~eam from the muzzle with four rounds being fired at each posi­
tion. The spa~ing interval of 3 inches was chosen based on pr&-test: 
fitoings. ·.nuoee ::.nches prov~d. to be the SD!a.l.lest inaement change fOI' 
which diffe~ence in recoil veloci~y could be ~es~lved with the ins~~­
ment3tior. in use, Instrumentatio~ limitations also cancelled out in­
i~ially planned zone ~ firings which would have added a third par~eter 
ictj the test, Th~ tes~ settings far all four phases are presented in 
Ta~el I. 

Phase 3: I'l this portion of the test, 'olhic::h incoeyorated dOl!ble 
baffle _ca~~binatic.ns 1 the first, disc (that closest to the :n<lZ:z.le) was 
placed at its m~timum efficiency position and the second disc tested 
at 3,01 6,0 1 and ;8,0 inches downstream from tba first, ':''he op·dmwa 
FOsition f~ the first disc was determined from P~4se 2. A listing of 
double baffle combinations is presented in Tabld I, 

Phase ~: This pha~e of the test dealt with ~iple baffle com­
bina.t:a..ons wJ. th "the first and second disc: placad at their maximum 
efficiency positions. As bafore 1 ~he optL~~~ locations were determined 
fran praceeding tests. Because the muzzle i:lrake test fixture 1-ras only 
15 inches long, the third disc could only be tasted a~ one position. 
~he ~iple baffle combinations are presentee in ~ab1e 1. 
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PHASE -
l 

2 
Single 
Baffle 

3 
Double 
Baff16 
Combina­
tions 

4 

Triple 
Baffle 
CC!:Ibin;:~-

tio:1s 

TABLE I 

BRAKE ~ONFIGURATION 

No .brake 

5-K (~adium Efficiency) 

M2A2E2 (Lo~ Efficiency) 

15 in, disc at 3 1 E, 91 12 0 and 15 in. frc~ muzzle 

20 in, disc at 3; 6 1 9, 12 1 and 15 in. from muzzle 

25 in, disc at 31 61 91 12 1 and 15 in, from muzzle 

15 in, disc at 5 in, and 20 ir., disc at 9, 12, and 15 

15 in, disc at 6 in, ~~d 25 in. disc at 9 9 12~ an1 15 

20 in, disc ;;::: 6 in. and 15 in, disc at 9, 12 1 and 15 

20 in, disc ~t 6 in, and 25 in, d~sc at 91 and 15 

25 in. disc at 6 in, and 15 in. disc at 9D 12, and 15 

25 in. disc at 6 in. ~d 2C in, disc at s, 12~ and 15 

TOTAL NO. 
OF ROUNDS 

6 

20 

20 

20 

12 

12 

12 

12 

12 

12 

15 in disc at 6 in, 20 in disc at 12 in, 25 in disc at 15 in 4 

15 in disc at 6 in, 25 in aisc at 12 in, 20 in disc at 15 in 4 

20 in disc at 6 in, 15 in disc at 12 in, 25 in disc at 15 in 4 

20 in disc at 6 in 1 25 in disc at 12 in, 15 in disc at 15 in 4 

25 in disc at 6 in~ 15 in disc at 12 in1 20 in disc at 15 in 4 

25 in disc at 6 in, 20 in disc Q~ 12 in, 15 in disc at 15 in 4 

The to~al ~ass of recoiling parts with various brake attac~~ents: 

MR without :brake 

MR with 5-K brake 

83.l2 Slugs 

85,41 Slugs 

MR with 25 in, disc 94,01 Slugs 

MR ~i~h l5 & 20 in, disc 93.83 Slug<> 
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DATA 

MR with M2A2E2 :brake 84.57 Slugs MP. with 15 & 25 4n. disc 

MR with 15 in. disc 91.25 S11.!6S MR with 20 & 25 in. disc 

MR with 20 in. disc 92.46 Slugs MR with 15.20 & 25 in. disc 

Mi? + Mc/2 = 1.072 Slugs 

vo = 1605. + 5 fps 

VR2 = 23.68 fps + .13 fps (established in Phase l) 

(Mp + Mc/2) V
0 

= 1720.56 lb-sec (astab:..ishe:l. in Phase 1) 

(MR2 vR2) = 1968.28,l:b-soc (esta:blished in Phase l) 

95.38 

96.59 

97.96 

(Mp + Mc/2) V0 = 253,31 1~-se~ (es~a:blished in Phase l) 

F = static fr-iction load of recoil lNJunt = 150.0 lbs 

t = time at whi~h maximum recoil ve~ocity is ~eached = .04 sec 

= frictional impulse of system = 6. 00 l:b-sec 

Sl';lgs 

Slugs 

Slugs 

The frictional impulse was included in the calculations of ~omentum 
index. 

'b = l 
(MRl VRl} + lr - (Mp + Mc/2) V.0 

(MR2 VR2} + lF- (Mp + Mc/2) V
0 

(:Eq, 2) 

In Table II 1 the recoil velocity (V ) momentum index (b), and crew 
area overpressure (~P) is given for ever~ake configuration tested. 
Thg recoil velocities pres~nted here ar0 ave~age values for four rounds. 
The values of P1 however, were exactly the same f~· all four rounds for 
any given configuration. A sample of five oscilloscope traces from which 
these values were determined is pr-esented in Figures 6a through 6e. Or.ly 
overpr~ssure data taken on Gage 6~6 (second trace down from top) is pre­
sented in Table II. Gage 636 was chosen as the ~cp~sentative sample be­
cause its locatior. with respect to tha muzzle is one 1·1hic:h is commonly 
used in c:'ew area overprsssure mec:.s~1rement and 1 therefore 1 can be easily 
compared ~ith the data of ~ther studies. It can be s~en that Gage 636 
and Gago 379 1 which were located in the same approximate area 1 were in 
close agreement. Gage 379 i~ ~cpresented by the topmost oscilloscope 
trace and had the same calibration fact~r as Gage 536, 
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a. 
Disc 3 in. Do~nsc~ean 

4,17 j:>Si 

d. 
Disc 12 in, Dol-,n""h"~<m 

3.00 psi 

c. 
Jisc 9 in. ;)o1.nstreao 

3.17 psi 

Fir,ure 6 

b, 
Disc 6 in. Downstrea~ 

:1,67 psi 

e. 
Disc 15 in. Dc~rnst~ea"' 

~.67 i?s.:. 

Scope Trac8s o= Ovcr?ressures ?roeuced ~Y 20 in. Jisc at 
?i~e Diffe~~nt Loca~io~s 
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TABLE II 

EFFICIENCY & OVERPRESSURE DATA 

PHASE BRAKE VR1 .t:.P - CONFIGURATION (fps) b (psi) 

1 No Bral<e 23,68 1.12 

5-K. Mecium Efficiency Brake 19.62 1.15 4,48 

M2A2E2 1 Low Efficiency Br~ke 20.40 ,957 3,36 

. 2 
S1ng1e 

15 in. dia disc at 3 in. do'.lnstream 19.62 • 701 3. 67 

Baffle 15 in, dia disc at f? in. G.o;.~str9am :\.8.84 .982 3.34 

15 in. dia disc at 9 in. downstreiJ!Il 1S.9i ,931 

15 in. dia disc at 12 in. downstream 19.36 ,795 2,77 

15 in, dia disc at l.S in. downstream 19.62 ,701 2,17 

20 in, dia disc at 3 in, downstream 19.10 .sao 4.17 

20 i:l, dia disc at 6 in. downstream 18.31 LOSS 3,67 

20 in, dia disc at 3 in. downstre2m 19.31 1.085 3,17 

20 in, dia disc at 12 in. downstrea:n 18.70 .91f3 3.00 

20 in, d:i.a disc ::It 15 in, downstream 1a.97 .840 2.67 

25 in, dia disc at 3 in. downstream 18.84 ,780 4,17 

25 in, dia disc at 6 in, dowr.strearn 17.79 1,166 3,67 

25 i:l. dia disc at 9 in, downstream ~7 .79 1.166 3,34 

25 in. dia disc at 12 in. downstream 18.05 1.070 3,00 

25 in, dia disc at 15 in. do"l.-nstream 18.31 .973 2.81+ 
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3 
Double 
:Saffle 

!; 

Triple 
Baffle 

BRAKE 
CONFIGURATION 

TABLE II (Continued) 

15 in disc at 6 in; 20 in disc at 10 in 

15 in disc at 6 in; ::o in cisc at 19 in 

15 in disc at 6 in; 20 in disc at 15 in 

15 ln disc at 6 in· , 25 in disc at 10 in 

15 in disc at 6 in; 25 in disc at 13 in 

15 in disc at 6 in; 25 in disc at 15 in 

20 in disc at 6 in; 15 in disc at 10 in 

20 in disc at 6 in; 15 in disc at 13 i~ 

20 in disc at 5 in; 15 in disc at 15 in 

20 in disc at 6 in; 25 in disc a~ 10 in 

20 in disc at 6 in; 25 in disc at 13 in 

20 in disc at 6 in; 25 in disc at 15 in 

25 in disc at 6 in; 15 in disc at 10 in 

25 in disc at 6 in; 15 in disc at 13 in 

25 in disc at 5 in; 15 in disc at 15 in 

25 in disc at 6 in~ 20 in disc at 10 in 

25 in disc at 6 in; 20 in disc at 13 in 

25 in disc at 6 iL; 20 in disc at 15 ~n 

17,79 

17.79 

18.05 

17,53 

17.53 

18.05 

17,53 

17,53 

17,53 

17,00 

17,00 

17.53 

17,00. 

17,00 

17.27 

16,71.1 

16.74 

b 

.987 

1.180 

b. p 

(psi) 

3,33 

4,00 

1.180 4,00 

,973 3,33 

1.170 3,83 

1.170 3,83 

1,08 3,66 

1.28 

1.28 4,16 

1.08 3.66 

1.29 4,16 

1,29 4,16 

1,17 4,33 

L37 

1.37 4,00 

1.18 4,33 

1,39 4,33 

1,39 4,00 

There was no measurable change in either efficiency or overpressure 

w~~n a thira disc was added to a double baffle eombinati~n. 
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RESULTS 

1. A Discussion of Test Brake :Sfficiency Resu.lts 

When the momentum index is plotted vers~s downstream cistance 
as in Figure 7a• it can be seen that a closely related family of 
curves exists, As each disc is moved close~ ~o the muzzle, efficiency 
is increasing fr~. points lS in. to 9 in. Between points 9 i~. and 
6 in., however, the mcmenturn index remains somewhat constant .and frO!ll 
po~;ts 6 in, to 3 in. drops rapid~y until at point 3 in, downstream 
from the muzzle. it is approximately the same for all three discs. 
This would indicate• as theory predicts, that as each plate is moved 
upstr~am, lass gas escapes around it; the l~rger the plate, of course. 
the srr:a11M" the loss, The level portions of the curvas between points 
9 in. and 6 i~. indicates an area where the gases escaping through the 
projectile port bec~a more appreciable and offset the decreasing gas 
loss aro~nd the disc. rt is ~his trade-off between flows. therefore, 
which holds the disc's total impulse constant. At 3 in, downstream, 
the shape of the gas flow allows no gqs to escape around the lS in. disc 
and, ~herP.fore 1 no ~rther increase in disc diameter will produce an 
in~:-ease in tho momentum index. F:-01!\ 3 in. downstreQIII up to the muzzle, 
the efficiency continues to drcp rapidly unt~l-~t the-muzzle. all the 
gases pass thi'ough the pl:'ojectile port and ~b) equals zei'o, 

I~ can also be seen in Fig~e 7 a, that the 15 ~disc at is max­
imum efficiency compares closely to the M2A2E2, low efficiency ~ake 
as does the 25 in. disc to the 5-K, medium efficiency brake,_ 

In Figure 7b 1 the momentum indices for "the :d;;,uble -baffle brakes are 
plotted versus distance betwean the first and second brake. As in the 
single baffle tests~ b remains constant in the region be~ween point 6 in, 
.and 9 in. and ~t point 3 in, • the second dis·c offers no measurable gain 
in efficiency. The same explanation as before holds true here. Most 
of the gases passing thrc~~h the fii'st disc pass in turn through the 
second unless the second cis~ is at least 6 in. further do~stream. It 
also can be seen that an acdition of any second disc ~t 6 in. away in­
creases the overall efficiency approximately 0.20 for every combination. 
This proves that although a large ~rtantity of gas is escapitlg through 
the first disc, there isn't enough to cause gas escape around th~ lS in, 
disc~ hence the in~ease of tho see®d disc diametu c~ses no i'urther 
rise in b, Furthermore, f~ all double brake combinations where the 
second disc was at least 6 in. downstream from the first 5 the mcmentum 
index was greatar th.an both the 5-K brake and the most efficient single 
disc, 

17 





2. A Discussion of Test Brake Ove~pressure Results: 

In Fig~e a~. overpressure (~P) is plotted versus distance of 
the single bafflQs. It can ~ seen tnat the overpressure rises as the 
disc is moved closer to the.muzzle 1 having its peak at 3 in. downstream 
from the muzzle which is a point of low efficiency. Also 1 it should 
be noted that the disc diameter is not as strong a function of 6P as 
it was for momentum index. These "wo observations indicate that over­
pressureD unlike momentum index, is primarily dependa:t upon peak mass 
rate of gas flow ~om the brake ~,d not the quan~ity of gas deflected. 

All of the single baffle configurations produced less overpressure 
than did the 5-l< brake and haJ.f of them outperformed the M2A2E2 brake 
in this respect. 

Looking now at the overpressure results for the double baffle 
brakes shown L1 Figure Sb 1 one can see that the data doesn't follow 
the same patte~ as that for single discs. Instead of the overp~ssure 
rising as the second disc is mcved closer to the first. it simulates 
the effioiency performance and remains eonst~~~ betwee~ points B i~. 
and 6 in. dropping off at a poir.t 3 in. downstream. This cen be ex­
plained by the fact that the first disc acts as a shield between tha 
second disc and the blast gages and as the second disc is moved upstream, 
less and less gas escapes around the shield in the a~rec~ior. o£ the crew. 
The fact that the rise in 6P is less than the rise in b when a second 
baffle is added strengthens this theory. 

All values of overpress~e for the double baffle brakes lie bet~een 
the 6P ratings for the 5-K and M2A2E2 brakes, 

CONCLUSIONS 

From this study of the muzzle brake parameters • dimneteJ.' and dowo­
stream distance, the following conclusion: e&n be drawn: 

1. The efficiency of a muzzle brake depends pr~narily on the 
quantity of gas deflected. 

2, The overpressure in the crew ~ea depends primarily upon the 
peak mass rate of gas flow which in turn is depe~dent en do~stream 
distance. 

3. From the first two s"atements and the results of phase 2, 
one ca~ f~ther conclude that the larger the brake diametcr 1 the fa~ther 
downs~eam the compensating effect between gas flow around the brike and 
through the brake extends. Therefore, from a theoretical standpoint, a 
very large disc 5 plac~d at a great distance from the muzzle would provide 
both high efficiency and extremely weak overpressures near t~e crew. 
~his fact is illustrated in Figure 9 where the efficiencies and cver­
pr-!!ssures for both the 20 inch diameter disc and a hypotheticc:l lar,ge 
disc are plotted versus dist~ce. 
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4. Since the increase of efficiency is the same for all second 
d~sc diameters (See rigu~e 7b), it can be said that the gas flow to 
the seccnd disc is never enough· ~c ~vP.r justify making the diareeter 
of the second disc larger than the diame~~r of the first, This is 
providing, of course. that the first disc is placed within its max­
imum efficiency range, 

S. In the practical design of muzzle brakes, the problem of 
compromising efficiency with weight can best be met by the use Qf 
multi-baffle· brakes, T:1is fact is brough out in Figure 7b, where 
the mz.ximum ei'ficiency of a 25 inch diamet<?.r plate is equa:!Qd by a 
combinaticn of smaller plates, The theory here is t~at each baffl~ 
utilizes the gas escaping through the preceeding baffle and the brake 
as a whole approaches the ideal condition of ~otal gas deflection, 
·Therefore~ the more small baffles one can ins~all withir. a predeter­
mined brake length 1 the more efficient the bra~e. providing that the 
spacing between baffles is such that each brake is at a maximum effi­
ciency location for its particular dia~eter. The average dia~eter 
and length of brake would be predetermined by the weight requiremen~s. 

6. The number of baffles that can be put within a given brake 
length is limited :by the minimum amo~.:nt of spaciq>; that can be to.iera.ted 
between them. As can be seen in the double baffle test 1 the second 
disc added no efficiency when it was only three inches from the first 
but contributed its maximum when six inches away, Based on this, the 
minL~um spacing between discs would be approximately 1,5 calibers. 
To shorten this spacing very small diamete~ baffles ~uuld have to be 
used, say any diameter less than two calibers, the result of which 
would be a deflecting baffle area toe small to obtain any appreciable 
efficiency, 

i. The method described upon, although quite adequato= from the 
s~andpoint of efficiency 1 d~s not alleviate the: overpressure p:·ablem. 
Although the test data shows that all the double baffle brakes were 
more efficient than the 5-K medi~ effici~ncy brake and all procuced 
less overpressure in the crew area, it must be remember:d that the 
test brakes used in this study all had a completely open periphery 
which allowed ~he deflected gasss to expand through a full 360 degrees 
exit pert and tha~ t~is unhindered expansion o£ gQs ~clped to increase 
the ~fficiency and lower the overpressure. Unfortunately, a completely 
open periphery also produced intolerable obscuration which makes this 
type of brake impractical, 

6, Although the nu~ber of baffles doesn't help to reduce over­
pressure, the spacing between them can, As can be seen in Figure 9 1 

the overpressure produced by the 20 inch diameter disc decreases 16 
percent when the disc is moved from 6 inches downs~ream to 9 inches 
while the moment•l!TI index. remains ~he same. Therefore, it can :be said 
that in the design of ·chis single or multi-baffled brakes, a small 
sacrifice in weigh" in the form of slightly extra length can signifi­
cantly reduce overpressure. 



RECOMHE:NDA'!IONS 

Because instrlmlentation limi"ta"tions 1 primarily in measuring 
re.:oil velocS.ty, made it impossible to measure the iopulse produced 
by 9mall changes in pll:t'amete!'s 1 and be:ause very small ei'I'or in 
~Ata can cause a !'elatively larg3 error in the computaticn or the 
momentum index, another measure of efficiency ~hould be used ~ a 
better technique of instrumentati~n be adopted before coritinuing 
this muzzle brake study. 

Since the mauentum index is accepted 6.3 the 1120st ideal mea.s':.l%'8-
ment of 8fficiency, it is recommended tba~ bet~e~ ins~entation 
of recoil veloci-ty be investigated. It is also suggested that less 
recoil mass he emplcyed. This will increase the recoil ~elocity 
aitd thereby make allY measurement enor Nlatively l~ss significant. 
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APPENDIX 

INSTRL~ENTATION EQUIPMENT AND PROCEDURES 

Muz~e Velocit¥: The muzzl& velocity was measured by firi~g 
m~et~~ec proJectiles tb~ough two c~pper coils, spaced 50 feet 
ap~t, ~hich started and stopped an electronic counter (Hewlett­
Packard, Model 52J3L). 

Recoil Velo~itj[: The recoil velocity ~as ~ea~e~ by a magnatic 
pickUp CE:!.ectro Prc..d;.1c<;s 1 Model 3010AN) attachec!. to a r<.ck and 
pinion gear ~hich in t·~n was connected between the recoiling parts 
a."ld the lt':OU."'lt. r:.c i.D:.~ulses were recorded o:l an oscillograph 
(Honeywell Visicorder • Model 1012). For greater timing accuracy, 
a timing generator control uni'.: (ArmOUI' Research Fm:.ndati::m S/N 12) 
was also channeled :r. the oscillograph. 

Ov~rpressure ~~::!_: The ir.sti".ll!lentation used to record 
ov~pressures ~s l~sted bei~w: 

Pickups ('+) 

Cables (L<) 

Amplifiers ('+) -

Atlantic Research 1 Piezo Electric, 
Pencil Ga6es 

Belde~, 825'+ 0 RG G 2/V (220 ft. lines) 

Atlantic Research, Type 10UA 

Amplifier Power Supply G:meral Radio Company, Type 1205-B 

Plug-ins Tektronic 1 Type C-A 

Oscilloscope Tektronic, Type 551 

Carnera Tektrcnic rno~nted Polaroid 

Scope T:~igge~ Preamplifier 1 Tektrcnic 1 Type 122 

Trigger Power Supply Tektro~ic, Type 125 

A schematic of the instrumentation is shown in Figur~ A. 
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Pencil Gage Calibration: The p~ncil r.a~eG were dynamically cali­
brated before each day f s fir in;: Ni'cll the pressure release device 
shown in Fieure B, The £aees are placed in ~he calibrator which 
is then pressurized to four psi. (Four psi Has used because it 
was the approxinate re~ion of the test ~easure~ents). A dirtphr~m 
at one en~ of the calibrator is then puncture~ anc the impulse 
of t:he !'esultine pressll!'e d!'op is tl"ansferred by the 3aee 1 through 
the same circuitry used in ~ctu~l testing, to the oscilloscope 
and carnera, A typic:c:l calibration trace is ~ho'-m in Fi_o;ure c. 

rir;ure c 
Typice~l Calibration Tr2.ce 

Calibration Pressure 4 psi 
Deflection to A~osp~eric ?ressurc 3 Units 

Calibratio:l fe~ctor = L 33 ps:i.lu:1it 
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~ The meas~e of efficiency used for these tests was momentum 
~) index (b) which is defined by the following equatiuns: 

~ (momentum imparted du~in~ gas) 
(P.jection period wi~h a brake) 

Momentum index (b) = l -

= 

where Mru 

MR2 

MD 

l1c 

VRl 

VR2 

vo 

EQUIPi·lENT 

l -

(momer.-.:~m imparted during gas) 
(ejection period ~tthout a b~ake) 

(M If ) 
R2 R2 

- (M 
p 

(Eq. 1) 

+ M ) -V 
C/2 0 

totcl momentum imparted t~ recoilir.g parts with a brake. 

total momentum imparted to recoiling parts without a brake. 

= 

= 

= 

= 

= 

= 

= 

Momentum imparted to racoiling parts up to gas 
ejection period. 

mass of recoiling parts with a brake. 

mass of rscoiling parts without a brake. 

mass of projectile 

mass of charge 
P-.R~ t'-.... .,,.,_;~ 
~ ~ecoil velocity with a brake. 

maximu~ recoil velocity without a brake, 

muzzle velocit!' of projectile, 

The muzzle brake test fixture used i~ this study had three (3) 
removable deflectors or discs, These discs had outside diameters of 
15,01 20,0 1 and 25,0 inche~ and inside diameters of 4,25 inches, These 
were attached by four (4) rods tCi a muzzle collar and could be posi­
tioned at various distances from the muzzle with spacers, (See Figure 1). 
The test shots were fired from a lOSmm howitzer which ~ollea on the free 
recoil mount shown in Figure 2. Two conventional brakes we~e also tested 
=or ccnparison purposes, the SK (medium efficiency) braks and the M2A2E2 
(low efficiency) ~ake. (See Figures 3 & 4). Overpressure was meas~ed 
wi-rh piezo-electric pencil gages whic.h were arranged in positions shown in 
Fi~ure 5, A list of the in3trumentation equipment used end procedures 
followed is presented in the Appendix. 
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